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(54) Fuel cell control apparatus and method of controlling fuel cell using control apparatus 



(57) A fuel cell control apparatus for controlling the 
supply amount of oxidizing gas to a fuel cell (1) for pro- 
ducing electric energy by reaction between fuel gas and 
oxidizing gas includes a smoother (15) for smoothing 
the output related quantity of the fuel cell, and an oxidiz- 
ing gas feed determining device (1 5) for determining the 
supply amount of the oxidizing gas on the basis of the 
output related quantity smoothed by the smoother (15), 
and therefore when controlling the amounts of the fuel 
gas and oxidizing gas depending on the output demand 
of the fuel cell, the substantial power generation effi- 
ciency is enhanced and the output is stabilized at the 
same time. 
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Description 

BACKGROI IM P QF THF IMVFMTinM 
5 1. Field of tht . Invention 
[0001] 



10 



is 



[0001] The present invention relates to a control apparatus for fuel cell for obtain™ bio- 
chemical reaction between fuel gas obtained bv a reformer, T^rZ^l I 0 ™<™9 electnc power by an electro-, 
particularly to an apparatus for oorS^es^a^f^^^ ^ and a " OXkfi2in9 9as " «» ™» 
invention also relates to a method of colSTul" SSnS" " ^ °' ^ 

2. Description nf t he Related Art 

electromotive force to the outside Def^r^^^J^^T and PiCWn9 Up *» 9 enerated 

solid electrolyte fuel cel. and others a^Z andTSut^^^^ ,Ue ' ^ Ph0Sphate W ce "' 
as^ow reason tempers, and is hiohly expe^ 

Seou^nTa^^^ 

produce a required electric quantity JS^'iTSS^ conS. in ^ °* and therefore in order to 
amounts. Relating to the oxidizing gas. for example thToSno STllT 6nd ** "«* 9 as 

their composKion. and if the oxidi *ng gasls T^ESZZS&SZZ^ """^ 6300 °»er according to 
On the contrary, however, the power require^s^v 9 ' 0UlpUt *" th6 * Medl is not increased, 

the entire system, or the .M^S^JiSSKSwS 17 ^ 96nerafon ° f 

^eed*^^ 

cel. (single battery), the airflow 7o JSSS^J^*!^ ZEST"™! m " Sin9 ' e 

culated. and the control valve provided aJ the dtehwL SSJSl? ^ ° ad OP 6 ** 0 " <* fuel cell is cal- 
the calculated air flow. That is .when £ ^Z^^^^S^ 50 85 10 be adjusted to 

is lowered, and the discharge pressure is raised at ftTaanSn! TST' J d,achar 9 e amourrt <* the air compressor 
power generation efficiency is enhanc^ * 8nd ,heref ° re the Sin9 ' e <*" vote 9 e * ™«* and the 

i^tLre^^ 

the air compressor do not always cS wftn eaSfo^h^a f Sfn ^ Ce " a " d the air diSchar 9 e state '™ 
fuel cell from a supply device such as SrloXeSo^DmS ,S a " hen .f a.r into the cathode electrode in the 

tors such as flow resistance in a path of S SS^S^" ^ C ° ntr ° l de,ay occurs due to Vernal fac- 

the fuel gas supplied into the iS ^ S^ZS? "V 0 temp6ratUre Chan9es - Besides - 
ingly. if the output of the fuel cel. changes Jnd KXE5?£2SS. , W,d 0UlPUt ° f the C6,L Accor * 
ingly. the supply amount of the oxidizing oasdoes ^ am ° Unt * ™ ° r 0xidi2in 9 9 as accorel - 

insufficient supp.y amount of o M izi^Z!^^Z^l^T^Sl^ ^ ** °* *"> 6X0658 and 
Plying the oxidizing gas excessively, more powi fe SSSSJSI? 06,1 may b6 U " Stable - ° r ' b * SU P- 

efficiency of the entire system. P * consumed than necessary, which may lower the power generation 

4S 

SUMMARY O F THE INVFMT| r>K| 

» tilieino the output ol the fuel JTeasiJ e " hane,n8 ,h » P°»er sexton effleiency of a fuel cat and ata- 

W* in «*, ,o L the ouS ,S^^^^^.^! n!, ; , *« to ' 1 »— oo «, ou»ut 

% 'olatih, to the output of the fuel oe» ind i ^^StST?? 1 s ™ olhe " 0 ' sm ~* in 0 * « output rotated guan- 
on the basla of tbo Soothed oui S« flS? <,U8n "" dae "" n,n 8 u«e,mMo. the phreteal q^mity 

« «™. ood detet^. a»o, a9 , o, a ptooeS SS^SStZ 
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value and the target value after change for a specific time when the output related quantity is changed. Accordingly, 
since the physical quantity for determining the output quantity of the electric energy produced from the fuel cell is 
changed by following the smoothed output related quantity, neither shortage nor excess of supply amount of physical 
quantity occurs. 

£ [0009] Preferably, the physical quantity determining device determines the amount of oxidizing gas reacting with 
the fuel gas to be supplied in the fuel cell, as the physical quantity. As a result, the output related quantity of the fuel 
cell, as the decisive factor of the supply amount of the oxidizing gas, is smoothed, and the output related quantity does 
not include temporary increase or decrease, and variation of the supply amount of oxidizing gas is suppressed, so that 
the output of the fuel cell is thereby stabilized. 

io [001 0] In addition, the first aspect of the invention may further include a reformer for generating the fuel gas to be 
supplied to the fuel cell by a reforming reaction of reformate fuel, and the physical quantity determining device may con- 
trol the amount of reformate fuel to be supplied to the reformer as the physical quantity. As a result, sudden change of 
command value of reformate fuel supplied to the reformer is suppressed, and hunting of control is prevented. 
[0011] In addition, the first aspect of the invention may also include a adjuster for adjusting the reformate fuel 

15 amount determined by the reformate fuel determining device, according to the relation between the vaJue obtained by 
the smoother and the output related quantity at a given moment As a result, for example, if the deviation between the 
output related quantity at a given moment and the smoothed value of the output related quantity is large, the reformate 
fuel amount to be supplied to the reformer is adjusted. More specifically, the quantity determined by the reformate fuel 
determining means is adjusted by increasing or adjusted by decreasing. Accordingly, as compared with the reformate 

20 fuel amount determined only on the basis of the smoothed value, the reformate fuel amount is increased or decreased, 
and hence the response of the reformer is improved. 

[0012] A second aspect of the invention relates to a fuel cell control apparatus which includes a fuel cell mounted 
on a vehicle as a driving power source, for producing electric energy generated by reaction between fuel gas and oxi- 
dizing gas, an acceleration or deceleration degree detector for detecting the manipulation amount relating to the accel- 
25 eration or deceleration by the driver of the vehicle, and an oxidizing gas feed determining device for determining the 
supply amount of oxidizing gas to the fuel cell, on the basis of the manipulation amount detected by the acceleration or 
deceleration degree detector. 

[0013] According to the second aspect, when the driver accelerates or decelerates the vehicle, the supply amount 
of the oxidizing gas to the fuel cell is increased or decreased accordingly, so that the output of the fuel cell suited to the 

30 driver's request for acceleration or deceleration may be obtained. 

[0014] In addition, the second aspect of the invention may further include an oxidizing gas adjuster for adjusting the 
supply amount of the oxidizing gas on the basis of the reforming response which is the generated state of the fuel gas, 
relative to the reformate fuel supplied in the reformer. As a result, when determining the supply amount of the oxidizing 
gas on the basis of the amount of the reformate fuel supplied in the reformer, the supply amount of the oxidizing gas, 

35 which should correspond to the amount of fuel gas supplied in the fuel cell, is determined in consideration of the 
response when the reformate fuel is reformed into fuel gas, and therefore the supply amount of the oxidizing gas cor- 
responds more accurately to the supply amount of the fuel gas. and an excess or a shortage of supply amount of oxi- 
dizing gas is avoided. Trie output of the fuel cell is, thus, stabilized. 

[001 5] A third aspect of the invention relates to a fuel cell control apparatus which comprises a fuel cell for produc- 
40 ing electric energy generated by reaction between fuel gas and oxidizing gas, a reformer for generating a fuel gas to be 

supplied into the fuel cell by reforming reaction of reformate fuel, a reformate fuel detector for detecting the amount of 

reformate fuel to be supplied into the reformer, and an oxidizing gas feed determining device for determining the supply 

amount of oxidizing gas to the fuel cell on the basis of the amount of reformate fuel to be supplied to the reformer. 

[0016] According to the third aspect, since the amount of fuel gas generated by reforming reaction in the reformer 
45 corresponds to the amount of reformate fuel supplied in the reformer, by determining the supply amount of the oxidizing 

gas on the basis of the amount of the reformate fuel, the amount of oxidizing gas corresponding to the fuel gas is 

obtained. 

[0017] The fuel cell control apparatus of the first to third aspects of the invention may also include an oxidizing gas 
feed adjuster for adjusting the supply amount of oxidizing gas to the fuel cell on the basis of the utility rate of the oxidiz- 

-50 :ng gas in the fuel cell. According to this constitution, the whole amount of the oxidizing gas supplied into the fuel cell is 
not spent for reaction, but partially used for reaction wiih fuel gas, and therefore the supply amount of the oxidizing gas 
is adjusted according to its utility rate, so that the supply amount of the oxidizing gas may be further optimized. 
[0018] Preferably, the fuel cell has an electrode to which an oxidizing gas is supplied, and it may further include a 
temperature related quantity detector for detecting the physical quantity relating to the temperature at the electrode, and 

55 an oxidizing gas feed adjuster for adjusting the supply amount of the oxidizing gas on the basis of the physical quantity 
relating to the temperature near the electrode detected by the temperature related quantity detector. Therefore, since 
the supply amount of the oxidizing gas is adjusted according to the physical quantity relating to the temperature at the 
electrode for inducing a substantial reaction of oxidizing gas and fuel gas, error of supply amount due to expansion or 
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Fig. 5 is a flowchart showing a different example of sub-routine for calculating ih^. .~ • • , . 

present invention: ^ executed .n a control apparatus .n a second embodiment of the 

Fig. 8 is a diagram showing an example of correction map of reformate methanol arm., nt- 
Rg. 9 ,s a current-vottage characteristic curve at each reformate S^rt ' 

^X^JSSX^*^ — " — ™— " of reforn^te metr»no. 

Fjg. 1 1 « a digram schemata showing an entire constftuton o7a s^tem having a reformer connected to a fuel 
DETAILED DESgBlEIiQbLQF THF PREFERRFn PMPnn,,,^^ 
^LJr^ 

cathode (positive electrode, air electrode) H^teZ^ ^ * eleCtr0d6> ^ elec,rode > 3 and a 

composed of an ion permeable suSance for LanSel ?! f^'** 2 " ^ 2 * 

the cathode 4 are composed by adhering a £ ? 9h P ° ,ymer membrane - The anode 3 and 

catalyst particles. 9 ° lleCt0r t0 3 DOrous layer «*"P<*«i of water repellenl particles and 

^reforT^^^ 

as methanol, and therefore in the exampte showVinX 6^2^ ^ by ^ form,n 9 reaction ° f hydrocarbon such 
[0024J To control the air pump 9. an electronic control unit (ECU) 1 5 is nrnwirto* ci^w™ • 

composed of a microcomputer, and it receives detection JZnJ^ZL «? prov,ded Elec » r onic control unit 1 5 is mainly 
eating the reformate fueTamount to SSSS ^as'iZTJ J 1 " ^ K ^ a,S ° 3 * 9nal indi " 
degree sensor 16 is provided for detecting^ Taccete^tonTr^f^ Moreover, an accelerator opening 

100251 
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gas) supplied in the anode 3 side is ionized to release electrons, hydrogen ions (protons) pass through the solid elec- 
trode 2 to reach the cathode 4 side, and electrons are received at this cathode 4 side, and therefore reaction occurs 
between the fuel gas and oxygen in the air. Electrons occurring in the process of this reaction are supplied into the 
external load 12 and used as electric power, and this electric power is determined by the amount of reaction between 
5 the fuel gas and oxidizing gas. Therefore, the amounts of fuel gas and oxidizing gas supplied into the fuel cell 1 are basi- 
cally determined according to the required output in the fuel cell 1 . 

[0026] Control of the supply amount of oxidizing gas is specifically described below. Fig. 1 is a flowchart explaining 
the control procedure, in which signals are supplied from the sensors in the first step Si. Herein, the input signals 
include, for example, the output current of the fuel cell 1 detected by the current sensor 14, output voltage of the fuel 

10 cell 1 detected by the voltage sensor 13, accelerator opening degree detected by the accelerator opening degree sen- 
sor 16, pressure at the input of the cathode 4 detected by the pressure sensor 10, temperature near the cathode 4 
detected by the temperature sensor 1 1 , and amount of reformate fuel supplied into the reformer 6. 
[0027] Consequently, on the basis of such input data, the supply amount of air as oxidizing gas to be supplied to 
the cathode 4 is calculated. More specifically, the basic quantity of air to be supplied Qa-base is calculated {step S2). 

75 Fig. 2 shows a sub-routine for this calculation, in which the output current, which is a kind of output related quantity of 
the fuel cell 1, is sampled several times (step S201), and sample values (lfc(t), Hc(t-Dt), ...) are smoothed by a smooth- 
ing filter or the like (step S202). The smoothed current value Ifc-ave may be expressed as follows: 

rfc-ave = f(lfc(t), rfc(t- t). lfc(t-2 t), ...) 

20 ... 

in terms of the function of the smoothing f flter as f. 

[0028] The supply air basic quantity Qa-base is calculated as follows by using the smoothed output current Ifc-ave 
(stepS203): 

25 Qa-base = lfc-ave/Cf/4/Ro2 VO 60 

where Cf is Faraday's constant, Ro2 is the ratio of oxygen to the air (about 1/5), and VO is the volume of the ideal gas 
in standard state (22.4 liters/mol). 

[0029] Therefore, if the output current of the fuel cell 1 changes suddenly, its amount of change is smoothed and 
30 the smoothed amount reflects on the supply air amount Therefore, sudden changes or large fluctuations of the supply 
air amount are suppressed, so that the output current or output voltage of the fuel cell 1 may be stabilized. 
[0030] Another calculating procedure of supply air basic quantity is shown in Fig. 3. In this example, the supply air 
basic quantity is calculated on the basis of the physical quantity relating to the driver's operation amount of acceleration 
or deceleration, and the accelerator opening degree is inputted as the physical quantity (step S211). In succession, 
35 from the accelerator opening degree, the target current value is determined by using a map (step S212). This map is 
prepared by experiment or the like, of which example is given in Fig. 4. The thus obtained target current value corre- 
sponds to the smoothed output current value as shown above, and therefore by using the target current value obtained 
from the map as shown in Fig. 4, the supply air basic quantity Qa-base is calculated in the above formula (step S213). 
[0031] When the supply air basic quantity is thus calculated, the driver's intent of acceleration or deceleration 
40 reflects on the supply air amount, and a corresponding output of the fuel cell 1 is obtained. That is, the output reflected 
by the driver's intent can be obtained. 

[0032] The oxygen in the air supplied in the cathode 4 is for reacting with the fuel gas, and its basic quantity can be 
determined according to the amount of the fuel gas, and since the fuel gas is generated by the reformer 6, its amount 
may be determined according to the amount of the reformate fuel supplied from the reformer 6. The example shown in 
45 Fig. 5 is an example of determining the supply air basic quantity Qa-base by making use of such relation. First, the refor- 
mate fuel amount Qm obtained by the control system of the reformer 6 is inputted (step S221), or the reforming rate 
Rmh in the reformer 6 is inputted (step S222). This reforming rate Rmh is a value preliminarily determined by experi- 
ment or the like. 

[0033] Then, on the basis of such data, the supply air basic quantity Qa-base is calculated (S223). Specifically, it is 
to calculated as follows: 

Qa-base = Qm Rmh 1/2 Vo 60 

[0034] Therefore, when the supply air basic quantity is calculated as shown in Fig. 5, the amount of air correspond- 
55 ing to the amount of fuel gas generated according to the reformate fuel can be supplied, so that the supply air amount 
can be optimized. 

[0035] In the fuel cell 1, incidentally, all amounts of supplied oxidizing gas and fuel gas do not react completely, but 
the rate of reaction is determined at a specific value depending on the constitution of the anode 3 and the cathode 4 or 
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co»eclM (step S3). That Is. the basic Quante. £iT " " °IZl\°>* m <> n * ' m » *• «W>ly air amount is 
air amount Qa1 is obtained. Y $ mu *P ,,ed b * a reciprocal of the utility rate Ra, and the supply 

Qa1 = Qa-base/Ra 

S 3. « SS^^* * - " 9as - 

after output of command for stpply of reformat^ fSESS. th8 fef0rmer (MR > 6 < 5te P S4). That is 

the commanded am^ 

until the reformate fuel supplied in the reformer 6 is LS2m ? f e, ° rmer 6l and there is a ™<*°n delay 
Accordingly, for example, the flow de.aytSnec.L as ^ 93S) b * the refo ™"9 reaction 
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Qa1(k) = Qal(k-) 

in consideration o* the specified time delay t. and the reaction delay is corrected for primary delay as 
so Qa2(k) = Qal(k-) i/(Ts+.) 

£o3* iS th p^h Crti6d ^ T * th6 Cme ^»ent. and sis the operator 
[0037] Further, air changes in volume by exoandino or mmra^iSL T \> 

therefore it must be corrected according to iSSS?i ^^^SS^^T^ ^ PreSSUre - and 
the temperature, the supply air amount is corrected btthe^rttor ?« ' * C °' r6C,in a <*°*ance with 

Qa3(k) = Qa2(k) Tmeans/TO 
where T means is the temperature near the cathode 4 detected bv th* . 

temperature (0 C). Detected by the temperature sensor 1 1 . and TO is the standard 

30 [0038] To conform to the thus obtained supply air amount Q a ?.ic, th*™ 

Vqa4(k) = Vqa3(k) (Pmeans^^-lMPO 0 " 1 ^) 

rj Mo the map. The thus calculated pump JLSS^Xg?^^ ^ ^ 
[0041] This example refers to the fuel cell used in a JUirjT rJ* T ^ 1 

(the invention may also be applied to the co^o^lTtorT^ 7T°? n n0t Med to this ^mple alone 
dizing gas maybe gas other than air. -ndWSJSTSSS IT* ""^ *" invention > «d- 
[0042] A second embodiment of the EStaT ^^ f^Z^Z^^^^^s. 
example of incorporating a reformer in the sySern for tSS^SLSST "T* - 3 9eneral - an 

energy transformer. As shown in Fig. 1 1 . at thVaZS fsCTJof^T XT™ by 3 1061 ce " which is a " example of 
6 is designed to reform a mixture o, methane asTefo mat foe. abator 6 * ^ r6fo ™ 

composed of a heater 20 for heating the reformate £7*h£^ £ , *"* Carb ° n dioxide ' and is 

[0043] The heater 20 heats methanol «nS2'i?S^ 1 3 C ° 0Xidizi " 9 unit 22 
of a combustor 23 for generating heat fo hl^^ ^t^T^T 3 mixed ^ and is imposed 

The combustor 23 may have a structure 01^2^^!^°%^^ *• reformate ,uel * ^ "eat. 
dizing the heating fuel by catalyst. Therefore to Ws cornhn^ 5f 9 ( K "' n9 ,Ue,) by a burner - or a struct. 
Pie of heating fuel, is connected through an" £££ l?7£ « ^ ? ,6edin9 methano '- which * 
-mpleofox^^ 



or a structure of oxi- 
an exam- 
air, which is an 
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[0044] To the evaporator 24, a pump 28 is connected as a reformate fuel feeder for feeding the mixture of methanol 
and water. The evaporator 24 and the combustor 23 are coupled through a heat exchanger 29 so as to transmit heat to 
each other. 

[0045] The reformer 6 generates hydrogen-rich gas mainly by reforming reaction of methanol and water. More spe- 
s cH ically, using a copper compound catalyst of which active temperature is about 280 C, by the reforming reaction of 

CH 3 OH+H 2 0 C0 2 + 3H 2 (1 ) 

a reformate gas mainly composed of hydrogen is generated. The reforming unit 21 generates hydrogen gas and heat 
io by partial oxidation reaction of methanol, and air is supplied from an air feeder 30. That is, the reforming reaction 
expressed in formula (1) is an endothermic reaction, and, by contrast, the reaction of formula (2) which is a partial oxi- 
dation reaction of methanol is an exothermic reaction, and by balancing the endothermic quantity and exothermic quan- 
tity, the temperature of the reforming unit 21 may be maintained almost constantly. 

r5 CH 3 OH + 1/20 2 2H 2 + C0 2 <2) 

[0046] The reforming reaction shown in formula (1) and partial oxidation reaction shown in formula (2) are reactions 
in ideal state, and since carbon dioxide is reversibly changed into carbon dioxide, actually, carbon monoxide gas mixes 
into the reformate gas inevitably. This carbon monoxide causes poisoning of catalyst of the anode in the fuel celM , and 
20 the CO oxidizing unit 22 is provided to eliminate this. This CO oxidizing unit 22 comprises a CO oxidizing catalyst (not 
shown) and an air feeder 31 , and by passing the reformate gas generated in the reforming unit 21 . carbon dioxide con- 
tained in the reformate gas is oxidized by the oxygen in the air. 

[0047] On the other hand, the fuel cell 1 comprises, the same as in the first embodiment, an electrolyte made of 
proton-permeable high polymer film, and an anode 3 and a cathode 4 disposed on both sides of the electrolyte film, and 

25 multiple single cells having such constitution are connected in series and parallel. The anode 3 and the cathode 4 are 
composed of a diffusion layer and a reaction layer individually, and the reaction layer of the anode 3 has a porous struc- 
ture having a catalyst such as platinum, its alloy or ruthenium supported on copper. The reformer 6 is inserted in the 
anode 3, and reformate gas mainly composed of hydrogen gas is supplied therein. An air pump 9 is connected to the 
cathode 4, and oxygen for reacting with hydrogen in the reformate gas is thereby supplied. 

30 [0048] To the anode 3 and the cathode 4, a battery 32 and an inverter 33 are connected as external loads so as to 
compose a closed circuit. A current sensor 1 4 is connected to the closed circuit. To the inverter 33. for example, a motor 

34 is connected as an external load. The motor 34 is an operating source, for example, for driving a vehicle. 

[0049] Ionization of hydrogen generated in the anode 3 and oxidation reaction through the electrolyte film do not 
occur in all hydrogen gas supplied in the fuel cell 1 , but the reaction efficiency is tens of percent, therefore the exhaust 
35 gas from the anode 3 side contains unreacted flammable gas. To utilize it effectively, a return pipe 35 for returning the 
exhaust gas of the anode 3 side to the combustor 23 is disposed in a state of penetrating through the fuel cell 1 and 
combustor 23. In the middle part of the return pipe 35, a flow rate regulating valve 36 is installed for controlling the flow 
rate of the gas flowing inside. The flow rate regulating valve 36 controls its opening degree electrically. The return pipe 

35 may also discharge the exhaust gas flowing inside properly to outside without supplying into the combustor 23. 

40 [0050] An electronic control unit (ECU) 37 is provided in order to control the reformate fuel supply amount by the 
pump 28. This electronic control unit 37 determines the reformate fuel amount by calculating according to the output 
current (FC current) of the fuel cell 1 detected by the current sensor 14, stored data, and program, and issues a com- 
mand signal to the pump 28 so as to supply the determined amount of reformate fuel. Therefore, this output current (FC 
current) corresponds to the output related quantity in the present invention. 

45 [0051] Explained next is an example of control by the control apparatus of the invention relating to the reformer 6 
described above. Fig. 7 is a flowchart explaining this control example, in which, in the first place, the output related 
quantity in the fuel cell 1 as the energy transformer is smoothed (step S21). The output related quantity is, for example, 
the output current (FC current) of the fuel cell 1 . and the smoothing process is an operation process of moving average 
for determining the average of sampled values, over time, of the FC current, or processing by LPF (low pass filter), and 

bo Fig. 7 shows an example of determining the average Ifcv of output currents over tens of seconds before a given 
moment. 

[0052] Consequently, on the basis of the value (specifically, the average of output currents) Kcv obtained in step 2\, 
an optimum reformate fuel amount (reformate methanol amount) Fm is calculated (step 22). The reformer 6 constituted 
as shown in Fig. 1 1 generates hydrogen gas by steam reforming reaction and partial oxidation reforming reaction of 
55 methanol, thus causing the reactions expressed in the formulas below. 

CH 3 OH(g) + H 2 0 3H 2 + C0 2 
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CH 3 OH(g) + i/20 2 2H2+C0 2 

s anol) is (3a + 2b)g. * ^ amount obta,ned ,rom 1 ™le of reformate fuel (reformate meth- 

w H 2 2H* + 2e- 

mole of reformate hydrogen is «> oe reformate hydrogen utilrty rate z . the current obtained from 1 

2(3+2)F[C/SJ([C/SJ=fAJ) 

so Fm " »cWI2(3 +2 ) F][mol/s] 

» .netep2t iadefennfned. end on «»i»t*.«Mi.S£,KZ^££2 

'echon antoum o) the tefot fnate methanol amount ts det«n*T ft El c ' el "™ nar ">' *»« ometa map. the cot- 
"h«* .men »» cunent de»iatfon I Is positive "^T ? a * amp ' a 01 »** °onection mep. in 

ttety. It is cotreotea by decteasino *™* mell ™ ,n °' amount s ""eased, and K neoatve. to theeo" 

Hied minimum amount. AccordinglyTsteoS Si! ^ e,U ^ rtlea ^ ualto «'™etaS 
that is. the lower M value of ^rZ^ete^^^^^ * * he « me <* of the refoTmtrl. 
are co.mpared. and the larger value is selected and issu* m^TT *" determined ««>uBh step 23 
reformate gas demanded in the fuel cell 1 is slight fcTSmii ^17^^ °' COmmand va,ue - if the 

phed ,nto the reforming unit 21 as mentioned abov T so tJE tent^ I , ? predet6rmined ,ower * sup- 
£2?* temperatUfe ° r determined spec^Ce^re 3 ^ is ™ intein «* 

amount to be supplied to the reformers not changed su^enTy ar^rXT* T* * the re,0rmate "*»■«■ 
suppressed, so that a homogeneous and excellent reformate na "i SS? p ^ 1 chan «»« in ^ evaporator 24 are 
determming the reformate methanol amount on the bSS^X^S^ f^' eXP ' ained m S,ep 22 ' whe " 
•no rate and hydrogen utility rate are taken into c^S^^SSST* * SinCe ,he refo ™- 

eration of unreacted hydrogen gas wnsraeration, rt 'S possible to operate at high efficiency with less gen- 

fuel cell 1 is Pi , which is indicated by Si ?n the ^en^nT!^ P0W6r that <*" be «P at Z 

intersection of the equal power line oTpT and Z ZTn^a.T^T^ m h ^ * " is Seated by the 
amount F1. That is. to obtain the output of P1 the m.nimum character,stic ) at reformate hydrogen 

C ot the equal power line of P2 and l-V chatactenst? £Z T.^ZZZT, aam w ™ « h** is the imosection 
een jas of ate portion ptoportlona. to the ^SS^^SSZ^S^'Ti * "'«'««» "»*>. 
teauteno ,n the degtaded efficient* ,n step 22. since teTetomtat , K " m ° * ««. 
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hence unreacted hydrogen gas amount is suppressed, and an efficient operation is realized. 

[0059] In this control apparatus, as explained in relation to step 23, since the reformate fuel amount is corrected, 
the response can be enhanced. In Fig. 10A, for the hydrogen demand value, the reformate methanol amount is not cor- 
rected, and at the moment to when the hydrogen demand is increased, if the reformate methanol amount is increased, 

f it takes a longer time until the reformate hydrogen amount reaches the demand value at time tl due to reforming reac- 
tion delay. By contrast, in Fig. 10B, when the deviation is large between the present reformate hydrogen amount corre- 
sponding to the present output current value and the hydrogen demand corresponding to the smoothed output related 
quantity, by correcting the reformate methanol amount by increasing, the increment rate of the reformate hydrogen 
amount is large, and the time until the reformate hydrogen amount reaches the hydrogen demand at time t2 becomes 

w shorter. That is, the response of the reformate hydrogen amount is improved. 

[0060] Then, as explained in step 24, in the control apparatus of the invention, the lower limit of the reformate meth- 
anol amount is preset, and when the reformate methanol amount determined on the basis of the output related quantity 
such as output current becomes less than the lower limit, the amount of reformate methanol determined by this lower 
limit is supplied, and the reformate hydrogen can be generated while maintaining the operation at the minimum limit of 

15 the reformer 6, and therefore supply of electric power to the auxiliary machine such as the compressor for air condi- 
tioner can be continued, preventing the system stall. 

[0061] In this example, methanol is used as reformate fuel, but hydrocarbon other than the methanol may also be 
used as the fuel in the reformer of the invention. In this invention, moreover, the energy transformer may be the device 
other than the fuel cell. The output related quantity in the invention is not limited to the output current of the fuel cell, but 

20 may be, for example, the opening degree of the accelerator of the vehicle or the sum of capacities of auxiliary machines 
in operation. The smoothing method of the output related quantity may include, aside from the method shown in the 
illustrated examples, a method of using a median filter for arranging the values before smoothing in several times of 
sampling in the past in the order of magnitude, and averaging only the values near the median. When correcting the 
reformate fuel amount, by using the map as shown in the examples, the operation is easy, but, in the invention/the cor- 

25 rection amount of the reformate fuel amount may also be obtained by calculation. In the foregoing examples, the refor- 
mate fuel amount is corrected on the basis of the deviation of the present output current value and the smoothed value 
of the output current, but in the invention, it is not limited to the illustrated examples alone, and it is enough, in short, as 
far as it is corrected on the basis of the relation between the present output related quantity and the smoothed output 
related quantity. 

30 

Claims 

1 . A fuel ceil control apparatus comprising a fuel cell (1) for producing electric energy, the apparatus characterized by 
comprising: 

35 

a physical quantity controller (15, 37) configured to control a physical quantity in order to control an output 
quantity of the electric energy; 

a smoother (1 5, 37) configured to smooth an output related quantity relating to the output of the electric energy 
40 of the fuel cell; and 

a physical quantity determining device (15, 37) configured to determine the physical quantity controlled by said 
physical quantity controller, on the basis of the smoothed output related quantity from said smoother. 

45 2. A fuel cell control apparatus according to claim 1, characterized in that said physical quantity controller (9, 15) is 
configured to control, as the physical quantity, an oxidizing gas amount supplied into the fuel cell (1) for reacting 
with fuel gas, that said physical quantity determining device (15) is configured to determine the oxidizing gas 
amount controlled by the physical quantity controller (9, 15), on the basis of the smoothed output related quantity 
from said smoother (15). 

3. A fuel cell control apparatus according io ciaim 1 , characterized in that said physical quantity controller (28, 37) is 
configured to control, as the physical quantity, a reformate fuel amount to be supplied into a reformer, which gen- 
erates a fuel gas to be supplied into (37) the fuel cell (1) by reforming reaction, that said physical quantity determin- 
ing device (37) is configured to determine the reformate fuel amount controlled by said physical quantity controller 

55 (28, 37) on a basis of the smoothed output related quantity from said smoother (37). 

4. A fuel cell control apparatus comprising a fuel cell mounted on a vehicle as a driving power source, for producing 
an electric energy generated by reaction between fuel gas and oxidizing gas, the apparatus characterized by com- 
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prising: 



45 



SO 



55 



degree detector (16). manipulation amount detected by said acceleration or deceleration 

«on of reformate tuel, the appara Tby c^Si ° • ' SUPP ' ,ed W ° "* ^ °* (1) by retormin 9 ** 
a^etormatetue. detector contoured todetect an ^'m^^t.^^^^ 

A fuel cel. control apparatus according to claim 2. 4 and 5 characterized by further comprising: 
a oxidizing gas supply adjuster (1 5) configured to adjusl the suddIv amount of n ^ ■ 

a bas.s of a utility rate of the oxidizing gas in the fuel cell (1) " 9 935 10 the ce "- on 

7. A fuel cel. control apparatus according to claim 5 characterized by further comprising- 

« SSS^ST*' ^ " " » " — » rt« to a MIWMUre 

quantity detector (II). temperature near the electrode (4) delected b» said lentperature related 

40 

a pump (9) configured to supply the oxidizing gas to the electrode (4) of the fuel ™n . i . 

detector (10). electrode (4) detected by said pressure related quantity 

1 0. A fuel cel. control apparatus according to Cairn 6 characterized by further comprising: 

and the output related quantity at a oSSSSi? * by smoother < 37 > 

11. A fuel cell control apparatus according to claim 3 and 10 characterized by further comprising: 
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a lower limit setter (37) configured to set a lower limit value of the reformate fuel amount to be supplied into the 
reformer (6). 

12. A method of controlling a fuel cell (1) tor producing electric energy, the method characterized by comprising: 

a step of controlling a physical quantity based on an output related quantity related to an output of the fuel cell 

(1), in order to control an output quantity of electric energy from the fuel cell <1); 

a step (S202, S21) of smoothing the output related quantity relating to the output of the fuel cell; and 

a step (S203, S22)of determining the physical quantity on the basis of the smoothed output related quantity. 

13. The method according to claim 12, characterized in that 

the physical quantity is an oxidizing gas quantity supplied into the fuel cell (1) and reacting with fuel gas. 

14. The method according to claim 12, characterized in that: 

the physical quantity is a reformate fuel amount to be supplied into a reformer <6) which generates a fuel gas 
to be supplied into the fuel cell (1) by a reforming reaction. 

15. A method of controlling a fuel cell (1) mounted on a vehicle as a driving power source, for producing an electric 
energy generated by reaction between fuel gas and oxidizing gas, the method characterized by comprising: 

a step (S21 1) of detecting a manipulation amount relating to acceleration or deceleration by a driver of the vehi- 
cle: and 

a step (S213) of determining a supply amount of oxidizing gas to the fuel cell, on the basis of the detected 
manipulation amount. 

1 6. A method of controlling a fuel cell control apparatus comprising a fuel cell that produces electric energy generated 
by reaction between fuel gas and oxidizing gas and a reformer that generates a fuel gas to be supplied into the fuel 
cell (1) by reforming reaction of reformate fuel, the method characterized by comprising: 

a step (S221) of detecting an amount of reformate fuel to be supplied into the reformer (6); and 

a step (S223) of determining a supply amount of the oxidizing gas to the fuel cell ( 1) on the basis of the amount 
of reformate fuel to be supplied into the reformer (6). 
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FIG. 7 
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FIG. 10A 

HYDROGEN DEMAND & REFORMATE METHANOL AMOUNT 




RE FOE MATE HYDROGEN AMOUNT 



> i 

_l I 

tO tl TIME 



FIG. lOB 



REFORMATE METHANOL AMOUNT 



L 

HYDROGEN 
DEMAND ' 


-Tfc— INCREMENT 


/ p~ REFORMATE HYDROGEN AMOUNT 


• 

i I 
1 1 



19 

BNSOOCID: «EP 0993060A2J_> 



EP 0 993 060 A2 




nw^nnnm <ep O9S306OA2 i > 



20 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 993 060 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

10.03.2004 Bulletin 2004/11 

(43) Date of publication A2: 

12.04.2000 Bulletin 2000/15 

(21) Application number: 99118326.0 

(22) Date of filing: 15.09.1999 



(51) mtci7: H01 M 8/04, H0 1 M 8/06, 
B60L 11/18 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 02.10.1998 JP 28166698 
01.02.1999 JP 2382999 

(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 
KAISHA 

Alchi-ken 471-8571 (JP) 

(72) Inventors: 

• Motozono, Yoshikazu, c/o Toyota Jfdosha K. K. 
Toyota-shi, Aichi-ken, 471-8571 (JP) 



• Yamashita, Masasht, c/o Toyota Jidosha K. K. 
Toyota-shi, Aichi-ken, 471-8571 (JP) 

• Nagamiya, Kiyomi, c/o Toyota Jidosha K. X. 
Toyota-shi, Aichi-ken, 471-8571 (JP) 

• Yamaoka, Masaaki, c/o Toyota Jidosha K. K. 
Toyota-shi, Aichi-ken, 471-8571 <JP) 

• Maeda, Iwao, c/o Toyota Jidosha K. K. 
Toyota-shi, Aichi-ken, 471-8571 (JP) 

(74) Representative: 

Winter, Brandl, Fiirniss, Hubner, Ross, Kaiser, 

Polte Partners chart 

Patent- und Rechtsanwaltskanzlei 

Alois-Steinecker-Strasse 22 

85354 Freising (DE) 



(54) Fuel cell control apparatus and method of controlling fuel cell using control apparatus 



CO 
< 
O 

o 

CO 

o> 
o> 

o 

CL 
LU 



(57) A fuel cell control apparatus for controlling the 
supply amount of oxidizing gas to a fuel cell (1 ) for pro- 
ducing electric energy by reaction between fuel gas and 
oxidizing gas includes a smoother (15) for smoothing 
the output related quantity of the fuel cell, and an oxi- 
dizing gas feed determining device (15) for determining 
the supply amount of the oxidizing gas on the basis of 
the output related quantity smoothed by the smoother 
(15), and therefore when controlling the amounts of the 
fuel gas and oxidizing gas depending on the output de- 
mand of the fuel cell, the substantial power generation 
efficiency is enhanced and the output is stabilized at the 
same time. 
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